The changing role of the pharmacist led to some improvements of pharmacy education worldwide these last years. Curricula have evolved and the content-based education has been converted into a competency-based education. The definition of a global practice-based competency framework by the International Pharmaceutical Federation (FIP) and the European Pharmacy Competencies Framework by the European the Quality Assurance in European Pharmacy Education and Training (PHAR-QA) project helps Universities to keep in with these changes. The National Council of Deans of Faculties of Pharmacy in Turkey also defined 169 competencies with their sub-competencies that have to be reached upon the completion of a pharmacy education program, yet it did not indicate how the faculties can measure if their curricula are consistent with these competencies. This study aims to provide a method for a quantitative mapping of a given curriculum in order to analyze if a curriculum fulfills the requirements defined by the National Deans Council. It also helps to easily determine the weaknesses and strengths of a program. Moreover, with this study, the consistency of the content of the courses with the mission and vision defined by an institution can be easily determined. Thus, this study can also be a useful tool for the revision and enhancement of a program according to institutional targets.
Introduction
Pharmacy education has to adapt to the changing role of the pharmacists whose responsibilities have been redefined according to the needs of the society, their practice being today much more patient-oriented [1, 2] . A first adjustment has been carried out at the end of the 1990s via the Bologna process that aimed to harmonize education throughout Europe, converting existing programs into competency-based curricula, which consist of educational programs that define the abilities and skills that a student should acquire when graduating [3] . Thus, faculties of pharmacy of countries that adhered to the Bologna process adapted their programs and defined competencies delivered by their educational program. As no specific directives were given for the definition of the competencies, a need for a competency framework specific to pharmacy education has emerged [4] . This issue was addressed by the International Pharmaceutical Federation (FIP) who, in collaboration with the World Health Organization (WHO) and the United Nations Educational, Scientific and Cultural Organization (UNESCO), developed a global framework of practice-based competencies as a set of behavioral in 2015, 169 competencies that have to be reached upon the completion of a pharmacy education program [22] and a further study has detailed these competencies into sub-competencies (an example of a competency with the related sub-competencies can be found in Table 2 ) [23] . These competencies define the technical skills that a freshly graduated pharmacist should acquire upon the completion of his/her education. The Council, however, did not indicate how faculties should measure the fulfillment of these outputs and there is an urgent need for a measurement tool to determine easily how much a curriculum matches the defined requirements and competencies. Thus, in this study, we aimed to develop a method that allows a quantitative mapping of a given curriculum through which its content and the targeted competencies can be analyzed and that can constitute a reference tool for the quantitative evaluation of a curriculum.
Materials and Methods
The study has been performed at the Faculty of Pharmacy of Yeditepe University using the curriculum applied during the 2017-2018 academic year with the contribution of the entire academic staff that is constituted of 34 full-time and six part-time faculty members.
Determination of Competency Scores
To determine the scores, firstly all the 63 compulsory courses of the academic program have been classified into 11 different groups (Table 1) [24]. Then a table, where all the competencies gathered with their sub-competencies constituted the lines, and the 11 groups constituted the columns was prepared using the Microsoft Office Excel 2010 software (a part of the table is given in Table 2 ). The academic staff who was first asked to complete a written consent to participate to the study had then to relate each of its courses with the 169 competencies defined by the Council. For this task, the lecturer of each course evaluated with the other members of its department if their course content did meet or not the defined sub-competencies by scoring it with 1 if the sub-competency was met, or 0 if not. An average of all scores obtained for the sub-competencies gave then the score for the competency as a percentage, thus indicating quantitatively how much the competency is met by the group of interest (Table 3 ). Furthermore, the addition of the scores obtained for a competency by all the groups led to a total score that indicated how much the competency is met within the entire 2017-2018 academic program (last column of Table 3 ). It is important to notice that before the evaluation has been carried out, the table was first completed with the members of the department of pharmaceutical chemistry, as the authors are part of this department. Then, a training for scoring the competencies was provided to all faculty members and the partially completed table was also presented. Additionally, as the Faculty of Pharmacy of Yeditepe University is constituted of only 34 full-time and six part-time faculty members, the evaluation of the state of completion of competencies was performed during meetings that gathered all the faculty members of a given department (constituted of a maximum of five people) in the presence of the authors of the study that were also present in order to quickly answer to their questions if they had any while filling the table. Thus the scores were attributed as a common decision from all the members of the concerned departments. Carries out the separation technique.
Uses the isolation method suited to the determined method.
Uses the purification method suited to the determined method.
Analyses the active substance.
Determines the structure analysis methods for the purified substances. The first eleven columns indicate the average score of for each competency obtained as the average of scores that were attributed for each sub-competency (cf. last row of Table 2 ). The last "row total" column gives the sum of the average scores obtained by all the eleven groups. 
Competency Heatmap
To visualize and analyze at a glance the state of fulfillment of each competency, the obtained scores were transferred into a heatmap. A scale of green color has been used to present the scores. The darkest green symbolizes a 100% fulfillment of a given competency that is gradually lightened when the percentages decrease. For a competency that was not related at all with a course group, that is to say that obtained the value of 0 for the competency, the box was colored in black. The final column of the map represents the total scores where the color scale varies from green to red where the darkest green represents the competencies with the highest total scores and the red regions refer to competencies that are not 100% met when the curriculum is considered as a whole. This column thereby helps to easily and quickly detect the strengths and weaknesses of the curriculum (Figure 1) . Figure 1 . The competency heatmap. For values from column 1 to 11 a gradual scale of green has been applied from 0.01 to 1 and the cells with the value of 0 were colored in black to easily detect the competencies that have been evaluated as related to the courses of a given department. The last column titled as "total" was colored according to color grade given in the legend. total Figure 1 . The competency heatmap. For values from column 1 to 11 a gradual scale of green has been applied from 0.01 to 1 and the cells with the value of 0 were colored in black to easily detect the competencies that have been evaluated as related to the courses of a given department. The last column titled as "total" was colored according to color grade given in the legend.
Results and Discussion

The State of Fulfillment of the Competencies
The measurement method was applied to the curriculum of the Faculty of Pharmacy of Yeditepe University (Istanbul, Turkey). This faculty has been founded in 2001 and at the time of the study is composed of 34 full-time and six part-time academic members and approximately 365 undergraduate students.
Its curriculum has first been constituted in 2001 where topics indicated by the Turkish Council of Higher Education were included. The initial curriculum has been revised in 2005, 2012, and 2016 according to the needs that were identified by the faculty members and the changes in regulations. Today's curriculum of the Faculty of Pharmacy of Yeditepe University is divided into ten semesters and comprises 63 compulsory courses (theoretical, practical courses, and internships) and six elective courses that the student should take among 48 possibilities. The student should also complete three free elective courses that can be taken from any faculty of the University according to his career goals or personal interests. Every student should also take five courses that deal with global and Turkish History and Turkish Literature in order to graduate. Thus, graduation from this faculty is possible with the completion of 300 ECTS (European Credit Transfer and Accumulation System). This study has been carried out on the 63 compulsory courses since the content of these courses is expected to be similar to the ones taught at other faculties. As this study constitutes a first step for the evaluation of the curriculum, it has been carried out only with the contribution of academic members. A more exhaustive study that will take into account the evaluations performed by students and graduates will be accomplished later.
The state of fulfillment of the competencies defined by the Council can be determined by analyzing the last column of Figure 1 along with Table 4 that gives the distribution of competencies according to their total scores. When the data are observed, it is possible to see that none of the competencies presents a total score of 0, indicating that this program's core courses satisfy all the requirements defined by the Council. Also, the results show that while four of the 169 competencies were not found to be 100% fulfilled (dark red in total column, Figure 1 ), 49 were recorded to show a score between 1 and 2 (orange), 65 a score comprised between 2 and 3 (yellow), 36 a score within the 3-4 range (light green), and 15 that were greater than 4 (dark green) ( Figure 1 and Table 4 ). This analysis allowed an easy identification of the strengths and weaknesses of the program. Thus, the four competencies for which the score was less than 1 indicated the weakest parts to be strengthen and the 15 competencies with scores greater than 4 indicated the strengths and/or the redundancies of this curriculum.
The four competencies for which the score did not reach the value of 1 were two that dealt with biotechnology (89% for the 41st competency: prepares biotechnological products, 92% for the 44th competency: develops a drug formulation) and two that concerned microbiological experimentation (50% for the 61st competency: performs microbiological controls during drug production processes, 93% for the 62nd competency: performs the microbiological analysis of cosmetics) ( Table 5 ). As the results indicated a weakness in the field of microbiology, the Faculty Education Committee decided to reorganize the content of its curriculum in order to be able to provide to its students the required know-how. Thus, the existing PHAR 427 Cosmetology + Lab course has been reviewed and its syllabus redefined to incorporate some new topics that focus on microbiological analyses. The other weakness that has been determined was in the department of pharmaceutical technology of the faculty. The finding that the drug formulation competency (competency #44) was not 100% fulfilled was an unexpected result that forced the department's academic members to revise the content of their courses. Additionally, to strengthen this department that constituted three assistant professors at the time of the study, a full-time professor position was created and an academician was hired three months after the weakness was detected. The revised curricula were applied starting from the 2018-2019 academic year.
The 15 competencies that constituted the strength of the program and for which the total score was greater than 4 are gathered in Table 6 . These results first indicated that most of the competencies were related to topics that are thought in clinical pharmacy courses (68, 71, 72, 76, 78, 114, 124, 130, 147) . The clinical pharmacy courses of the Faculty of Pharmacy of Yeditepe University are courses during which students are carrying out some case studies with the possibility of directly visiting patients in hospitals. This practice is not common in pharmacy education in Turkey and constitutes one of the specificities of Yeditepe University since 2005. High scores for these competencies thus pointed that the content of the curriculum of the faculty was consistent with its mission and vision (http://eczacilik.yeditepe.edu.tr/en/vision-mission). Another group of competencies for which the scores were very high were related to analytical techniques (12, 18, 19, 154) . The reason of such a finding can be the existence of some redundancies in the curriculum, a possibility that has been discussed with Faculty Education Committee that decided to determine the chapters that were related to these competencies for each department in order to revise the content of the courses if redundancies are detected. 
The Specificities of the Curriculum of the Faculty of Pharmacy of Yeditepe University
One of the specificities of the curriculum of the Faculty of Pharmacy of Yeditepe University is that, in addition to providing an excellent-level pharmacy education, it has a mission of preparing leader pharmacists for the Turkish pharmaceutical industry [25] . However, when the scores of the competencies related to this mission were analyzed, they were found to be generally comprised between 2 and 3. Actually, the analysis that was carried out comprised only the compulsory courses of the curriculum and thus did not display the impact of the elective courses provided to fifth-year students that aim to develop their entrepreneurial competencies. That could explain why this analysis does not show the emphasis put on the pharmaceutical industry by this program. Thus our results pointed out the importance of the analysis of the elective courses to be able to highlight the competencies that are specifically developed in a program.
Furthermore, to increase the scores of industry-related competencies, the faculty administration decided to enlarge its collaborative works with the pharmaceutical industry and to revise its curriculum content in order to:
• increase the competent workforce through the employment of pharmacists in the pharmaceutical industry; • provide leading pharmacists who can hold senior positions in all units of national and international pharmaceutical companies; and • strengthen the collaboration with the pharmaceutical industry, as indicated in the vision of this Faculty.
Comparing Curricula of Different Institutions
This methodology can constitute a valuable tool for the evaluation of the curricula of different institutions, as scoring a competency through sub-competencies can constitute a precise and tunable tool. Indeed, when evaluating the status of fulfillment of a given competency, the details of what is aimed to be achieved can be defined with a number of sub-competencies by the author of the survey. The definition of the sub-competency would be designed so that the evaluator can with no ambiguity answer with a "yes" that is scored with 1 or "no" scored with 0. Thus, the average obtained for a competency results in a percentage that indicates how much the competency is met. This process should avoid the differences in the interpretation of the values of a Likert-type scale as suggested in the literature [26] [27] [28] . Indeed, the problem of differences in scorings during competency evaluation was identified by Gmeiner et al. when the authors carried out a curriculum mapping study using the PHAR-QA framework even when a five-point Likert-type scale was used (0 = not covered, 1 = poor, 2 = fair, 3 = good, 4 = very good) [29] . Detailing competencies into sub-competencies that will be evaluated as being covered or not, and thus scored as 1 or 0 would minimize bias allowing a fairer comparison of curricula of different institutions. The definition of detailed sub-competencies and their binary evaluation would also help to quickly and easily determine the gaps that have to be filled in order to meet the minimum requirements of a given competency framework.
Conclusions
This study demonstrated that the curriculum of the Faculty of Pharmacy of Yeditepe University fulfills the requirements defined by the National Dean Council. It also helped to easily determine the weaknesses and strengths of the program, using a quantitative measurement. The scores that were calculated allowed not only to point out the competencies that are provided with a satisfactory level, but also the ones that have to be strengthened. Moreover, through this investigation, the consistency of the content of the courses with the mission and vision defined by an institution can be easily determined and, thus, such an analysis can help to determine how a program can be revised and enhanced according to institutional targets.
